This paper examines the arguments of Colonel Robert Torrens against the hypothetical prospect that rising corn prices might result in higher farmers' profits by reducing the real costs of manufactured articles used in the crop growing activity. Firstly, it is shown how this idea evolved through time in Malthus' writings on rent. Next, it scrutinizes Torrens' approach to the subject of value, from its origins to the more elaborate version built up in some of his early inquiries regarding political economy. The outcome of his effort was a simplified image of the mutual interaction among the productive sectors, similar to modern input-output models, composed of an interdependent system with prices and a uniform profit rate determined simultaneously. Finally, some applications for this innovative analytical device are presented, but with an emphasis on the refutation of Malthus' proposition. The concluding remarks stress Torrens' ability to devise a proper quantitative answer to the parson's theoretical challenge despite the scanty technical resources available to classical economists at that time.
Introduction

A few years ago, the model developed in David Ricardo's Essay on the Influence of a Low Price of Corn on the Profits of Stock
2004, 1-41, hereafter Essay on Profits), object of fierce opposition from Thomas R. Malthus, was formally proven correct by Francisco L. Lopes (2008, 604) who, on the occasion, put forward the following statement: "The Ricardo-Malthus controversy on the rate of profit is a remarkable example of how the lack of analytical tools may hinder the progress of economic knowledge. If Ricardo had at his disposal the techniques of a modern economist, he would have easily overcome Malthus' criticism." In addition, it was argued that such a theoretical standoff within the classical school stemmed from Ricardo's inability to think in terms of a system of general equilibrium, likely due to his customary practice of recursive reasoning, that is, of framing abstract constructs as a concatenation of successive events. This lack of aptitude to express his propositions by means of simultaneous equations might have indeed been true, for Ricardo himself had once complained about his deficient education to James Mill. 1 In another sense, though, Lopes' conclusion may be deemed a bit too harsh on British early nineteenth century economists, for he insinuates that only with the aid of modern formal tools would it be feasible to tackle the problem faced by Ricardo properly. In what follows we intend to qualify this rather strict assessment, showing that even with the limited technical resources available to the economists of the time, it was possible to provide a suitable answer for the conundrum proposed by Malthus regarding the behavior of the profit rate. In order to do so, the second section presents a brief account of his key allegations against Ricardo's theory of capital accumulation sketched in the Essay on Profits and later on fully articulated in the Principles of Political Economy and Taxation (Works I, [1817 (Works I, [ ] 2004 . Next, the evolution of Colonel Robert Torrens' systemic view of the economy is examined in order to track the exact way he succeeded in constructing a formal engine capable of handling most of the theoretical controversies of the period. 2 The final section covers not only some applications of such an analytical tool but also the way Torrens addressed what we designate here as Malthus' Challenge, certifying its inaccuracy by means of a quantitative example. The closing remarks highlight the merit of Torrens' achievement in this particular field of economic inquiry.
Malthus' Challenge
From a historical perspective, the most prominent charge Malthus levied against Ricardo's view on the evolution of a market oriented society involved the idea that the dependence of general profits on the state of the land represented only a long run obstacle to economic expansion, since in the meantime the actual rate of return was subjected to other forces regulating the demand and supply of capital, as commonly accepted with respect to the remuneration of land and labor. In the Principles of Political Economy (PPE 1820, Works II, 301-331), Malthus pointed out the satiability of the wants of consumers, the human love for indolence, along with the impossibility of laborers absorbing the entirety of their production as permanent constraints of effectual demand. For these reasons, savings and the consequent capital accumulation could become excessive when pushed beyond a certain optimal limit, bringing forth, in such a case, an overflow of commodities bound to knock down prices as well as the profit rate, the end result appearing in the form of a general glut. To neglect the forces of demand and supply in their regulating influence upon the profit rate would be like "overlooking the change of direction given to a ball by a second impulse acting at a different angle from the first" (PPE 1820, Works II, 266) . Ricardo never took this conjecture seriously. He always assumed, in accordance with Mister Mill's Principle (Say's Law), that the human desire for luxuries and other amenities was boundless. Hence, no widespread lapse in demand would ever succeed, and the progress of capital accumulation could only be put in check by an elevation in the price of food. "If there were no such rise what could prevent population and capital from increasing without limit?" (letter to Malthus, 17 October 1915, Works VI, 130) .
The present exposition, in actual fact, is interested also in another aspect of Malthus' thought. Soon after the Essay on Profits was published, Ricardo asked him for no mercy with regard to the criticism of the theory exposed in the pamphlet (14 March 1815, Works VI, 188). The appeal was hardly necessary, considering that the dispute between them with reference to the nature of the profit rate had already been evolving for some time prior to that. One of the main things Malthus intended to say about the Essay on Profits had been partially anticipated in his Observations on the Effects of the Corn Laws (1814), where he attacked Adam Smith's conclusion that a bounty upon corn exports would have no real impact on the activity because such a policy tended to raise wages and, therefore, the prices of raw materials and all manufactured commodities, leaving the difference between the farmer's advances and revenues unaltered. Malthus objected, first, that the laborers' expenditures comprised of not only bread or grain, but also, and in almost the same proportion, manufactured articles like fuel, candles, tea, sugar, clothing and so on. As a consequence, wages would adjust in a partial and lagged way to variable corn prices, while the population would react at an even slower pace to movements in the reward of labor. Agriculture, furthermore, could not be treated as an exception to the general principle that capital flows into any sector where demand outweighs supply and the profit rate is greater than in alternative employments. It would be perfectly normal that an increase in the price of corn, induced by the progress of manufactures or the foreign commerce, resulted in a boost in agricultural profits and, through this effect, in more capital applied upon the land. "Nothing then can be more evident both from theory and experience, than that the price of corn does not immediately and generally regulate the prices of labour and all other commodities", observed Malthus peremptorily, noting further "that the real price of corn is capable of varying for sufficient length to give a decided stimulus or discouragement to agriculture" ([1814] 1815, 15-16) . 4 With respect to Ricardo's invitation, it did not take long for his friend to fulfill the request. The parson had already written to Francis Horner, that same day, questioning the fact that farmers' expenses, in the Essay on Profits, were calculated exclusively in corn, instead of in the actual materials used as capital in agriculture (14 March 1815, Works VI, 187-188;  temporary effects of particular changes, whereas I put these immediate and temporary effects quite aside, and fix my whole attention on the permanent state of things which will result from them" (24 January 1817, Works VII, 120). 4 The other objections formulated by Malthus to the Essay on Profits were: (i) obscurity of the text; (ii) higher rents meant enlarged outlets for processed goods, strengthening therefore manufacturing profits; (iii) the free trade in corn would lower the price of food, driving capital from land into manufactures and thus depressing profits in this last sector; (iv) the decline of the net return in manufactures resulted from of a more intense competition among capitals instead of from higher wages; (v) wage increases usually fell behind food prices, generating forced savings; (vi) the relative price of corn could go up due to an expansion in foreign demand or a technical improvement in manufactures without affecting the overall profit rate; (vii) the high price of corn kept the value of British exports from declining and, therefore, sustained the income of domestic manufactures; (viii) the historical record of the British economy showed parallel movements in rent, profits and wages through the commercial cycles (Works VI, 182, 201, 218, 223, 236, 256, 291, VII, 193) . On Malthus' theory of capital accumulation and his lasting controversy with Ricardo, as well as on his role in the general glut debate of the 1820s, see for instance St. Clair (1965 , chap. 11), Sowell (1972 , Bleaney (1976, 22-61) , Hollander (1979, chaps. 5, 9) and Peach (2009, chap. 5). see also letters to Ricardo, 5 August and 9 October 1814, 117-118, 140-141) . Besides that, Malthus believed it essential to take into account the notion that if the price of provisions increased thanks to the progress of accumulation and the restrictions on imports, agricultural produce was to reach an augmented purchasing power in terms of manufactured articles. This would cause a lowering in the real costs of raising food and, thus, a more tangible return in the activity, especially in areas of superior productivity. Here, Ricardo's logic is turned upside-down. In the Essay on Profits, he defended the free trade in corn as a sure way to reduce labor costs and, by this channel, to promote a rise in profits as a whole. Malthus, for his part, argued that the opposite process might have a similar ending. If cheaper food meant a higher profit rate in manufactures, why could a more expensive price of corn, meaning a cheaper relative price for manufactured articles, not also engender an improvement in agricultural profits, especially in the more fertile lands? After all, would both sectors not be complementary, determining together the profit rate of the economy? "Pray think once more on the effect of a rise in the relative price of corn, upon the whole surplus derived from land already in cultivation. It appears to me I confess, as clear as possible that it must be increased" (letter to Ricardo, 12 March 1815, Works VI, 185) .
The same argument was to resurface in Malthus' An Inquiry into the Nature and Progress of Rent (1815) . When dealing with the laws governing the oscillations in rent, he mentioned four factors with the potential to contract the expenses of cultivation. Firstly, the accumulation of capital, lowering profits on stock; secondly, the population growth, forcing wages down; thirdly, either the improvements in agriculture or the stepping up of laborers' diligence, reducing the number of workers needed to obtain a given supply; and, lastly, an expanded demand for agricultural produce, increasing its price without a commensurate addition in costs. Or, as Malthus commented regarding this fourth factor:
If a great and continued demand should arise among surrounding nations for the raw produce of a particular country, the price of this produce would of course rise considerably; and the expenses of cultivation, rising only slowly and gradually to the same proportion, the price of produce might for a long time keep so much a head, as to give a prodigious stimulus to improvement, and encourage the employment of much capital in bringing fresh land under cultivation, and rendering the old much more productive (1815, 24; see also 26-27). In the Inquiry, Malthus introduced yet another version of this same argument, involving now the purchasing power of wages. He associated the low value of the precious metals with the high price of raw produce consequent on increasing wealth, so much so that "one of them cannot be had without the other" (1815, 39). However, this state of affairs would not be detrimental to the laborers as may be thought at first glance, with it being, on the contrary, to their "unquestionable advantage". After a time, when the higher price of corn had already been fully incorporated into wages, the laboring classes would enjoy an effective gain with respect to all other objects of convenience which did not experience a similar price rise. In other words, Malthus attempted to argue that increased wages accompanying higher corn prices could buy more manufactured articles, so that a kind of substitution effect should happen in the laborers' consumption bundle, improving, therefore, their general condition (1815, (39) (40) (41) .
5 His convictions remained unshaken even after the publication of the Principles of Political Economy and Taxation, which contained Ricardo's refined theory of value designed to substantiate his claims on the agricultural restraint to capital accumulation. In the Principles of Political Economy, Malthus retorted yet that from a practical standpoint, actual short run profits were favored by the improvements in cultivation techniques or in the implements of husbandry, as well as by the more intense exertions of productive laborers in the transition of society to a higher civilized station. Key here also, he went on, was the fact that the prices of domestic and foreign manufactured articles did not keep pace with food prices, so that agricultural sales receipts tended to move ahead of the respective capital outlays (PPE 1820, Works II, 271-275).
In a nutshell, Malthus' Challenge amounted to this: if, for whatever reason, the relative price of the agricultural produce increased with respect to the manufactured articles, this effect could raise the overall profit rate, at least for some respectable time, due to the reduction in farmers' real costs, allowing a higher yield on the capital invested upon the land. Let us see then how Torrens, with the scanty formal resources available to him, managed to straighten out this intriguing riddle of classical economics.
Torrens' systemic view of the economy
In his Essay on the External Corn Trade (ECT 1815), Torrens offered a strong defense of free trade based on a Smithian view of rent formation. In a progressive society, as he described the process, an expanding capital stock intensifies competition among producers, making the profit rate in commerce and manufactures descend to the level obtainable in less fertile lands. At the same time, as the demand for labor becomes brisk, the consequential rise in wages stimulates population growth, so that the necessity of additional food provides the final motive to the occupation of inferior soils: "At length cultivation ascends the hills and scales the mountains, and the country wears the aspect of a universal garden" (ECT 1815, 51).
This ideal scenery was dismantled in England by the restrictions on foreign corn adopted in the wartime legislation, occasioning losses to industrial and commercial concerns, as well as to the public in general. For Torrens, the upsurge in the price of corn was appropriated by the landowners at the renewal of their leasing contracts, while the ensuing adjustment in wages triggered a price inflation throughout the economy. This whole process, however, was bound to culminate in a fall in both the internal and the foreign demand for manufactures, making for less profits and high industrial unemployment at home, thus prompting the outward flow of capital and migratory movements that would eventually depress domestic farming. "Here, then, agriculture, after having, for a time, retained a preternatural vigor, under the influence of an artificial stimulus, would begin to exhibit the symptoms of decline", said Torrens with a prophetic voice, adding yet that "[t]he landlord, the farmer, and all the persons to whom they give employment, will be involved in the general distress" (ECT 1815, 248-249) . The best remedy for this disastrous prospect was, of course, the free importation of corn, although the Colonel recommended that the removal of restrictions should be conducted carefully in order to avoid huge losses for producers.
In 1818, Torrens published in the Edinburgh Magazine the article Strictures on Mr. Ricardo's doctrine respecting exchangeable value. In it, he stated that, first, if sales' revenues must exceed costs and, second, if competition among producers imposes the uniformity of the profit rate over all sectors, then the values of the commodities must be calculated as a proportion of their respective capital requirements rather than as the sum of direct and indirect labor spent on them. To substantiate this idea, he presented some numerical examples showing how actual competitive prices may differ from values in the Ricardian sense. In one of his cases, he assumed wages of 1s a day and a profit rate of 20%. An individual A then buys a quantity of silk produced by 90 days labor, at the price of 108s, profits included, and hires 10 laborers for 10s to work it up. Meanwhile, other individual B purchases a quantity of wool produced by 10 days labor at the price of 12s, and advances 90s in wages to 90 laborers in charge of processing the material. The resulting commodities possess the same Ricardian value of 100 days labor, but their final prices are 143s for wrought silk and 122s for the woolen cloth. Whether or not this illustration actually violates Ricardo's theory is a question outside the scope of the present paper (see, however, Hollander 1979, 208-218 and Peach 2009, 176-186) . Regardless, it contains a truly important analytical step in the development of Torrens' view on value; that is, the application of the rule of prices with a uniform profit rate not only to the final product, but also to the inputs of the productive process.
Another theoretical refinement in the approach Torrens was forging through his economic inquiries appeared the next year, 1819, in the article Mr Owen's plan for relieving the national distress, published by The Edinburgh Review. This succinct work disputed the philanthropist's proposal for constructing small communities in the shape of parallelograms, where a few thousand people would occupy themselves in a variety of activities. According to Torrens, none of Owen's suggestions had the capacity to affect the profit rate, determined solely by the fertility of the soil, the productivity of labor in agriculture and in manufactures and, lastly, by the general level of wages. The first factor reveals Torrens' now evident sympathy for the contents of the Essay on Profits, already manifest in his A Letter to Lord Liverpool (1816).
6 Despite this change of mind, he grabbed the opportunity to strike at Ricardo's thesis that assured the permanent opposition between 6 In the letter, differently from what he had assumed the previous year (ECT 1815), Torrens accepts an active role for the productivity of the marginal soil in the determination of the profit rate: "The influence which the high price of corn, and the bringing in of inferior land, has upon the profits of stock, is one of the most interesting and important topics connected with the science of wealth*. From the invariable law of competition, that which lowers agricultural profit, must also lower profit in every other occupation (*See a very able and original publication on the Profits of Stock, by Dr Ricardo, Esq.)" (Torrens 1816, 30 ; an interesting appraisal of the letter is offered by Peach 2001). wages and profits. Indeed, this was the moment when Torrens reached another plateau in his analytical method, for he did not hesitate to break into the enemy's territory and to introduce the calculus of the common profit rate encompassing the agricultural and the manufacturing sectors at the same time, with the reciprocal use of material resources. Based on this new perspective, Torrens declared that the strength of Ricardo's proposition rested critically on the hypothesis of stationary techniques of production. Nevertheless, in case of improvements in the "effective powers of industry', the rate of profit and the amount of wages could rise in parallel instead of at the expense of each other (Torrens 1819, 86) . The example concocted by Torrens is of the input-output style and, even though plain, it is worth reproducing here. On the one hand, it displays an undeniable theoretical progress while, on the other, it reveals the limitation of his thinking at that juncture. This is so because the proportions between the final product and the total employment of resources in both sectors are identical, allowing the direct estimation of the profit rate without his having to worry about the prices of agricultural and manufactured commodities. Torrens' hypothetical economy produces corn and suits, where each sector hires 100 men for an annual wage of 1 quarter of corn and 1 suit, with the original profit rate totaling 50% (situation A). After the introduction of some technical improvements in both sectors (situation B), notwithstanding the rise of annual wages to 1.5 quarter and 1.5 suit, the profit rate increases to 66%, as depicted in Table 1 below. (EICT 1820, xv-xxi) . The corrections came in the form of an additional chapter with almost a hundred pages where the Colonel introduced his new apparatus to cope with abstract 7 "The classicists earned for our subject Carlyle's title of the dismal science precisely because their expositions erred in overplaying the law of diminishing returns and underplaying the counterforces of technical change." This assertion of Samuelson (1978 Samuelson ( , 1428 seems to be scarcely pertinent with regard to Torrens (see Karayinnis 2000) .
economic problems. Within the framework of the capitalistic system, the principle of universal competition, as Torrens saw it, could be represented through a compact formal structure having as its assumptions: (1) a network of connections among the productive sectors, each of them using some kind of input from the remaining others; (2) the existence of a surplus in the cultivation or manufacturing of any commodity with respect to its total quantity employed as capital by the conjoint operation of all productive unities; (3) the conformity between the supply of and the demand for each final product, prices being therefore at their natural level; (4) the inputs are either raw materials or goods pertaining to the laborers' subsistence basket, there being no use of fixed capital and, therefore, no amortization allowances; (5) the final products are identical to the inputs employed as capital, and (6) the prevalence of a uniform profit rate over the whole economy and proportionate to actual costs. In order to examine the analytical effects of such a set of premises, Torrens lay before the reader 24 examples of simplified economies with the novelty of competitive prices and a common profit rate set over the quantitative system put forth in the Owen article the previous year.
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The specific form of this general system, which he hammered against each and every theoretical problem he examined in the new chapter, is indicated below (although Torrens himself did not present it explicitly; on this, see Hisamatsu 2009 ). So, is the quantity of input used in the production of commodity , is the total supply of commodity (1=agriculture, 2=manufactures), is the price of the agricultural produce and is the price of the manufactured article, while stands for the common profit rate. + 1 + =
(1) + 1 + = System (1) has three variables ( , and ) and two equations. If one price is taken as numéraire, the other two variables admit of positive values (see appendix). Before presenting Torrens' personal method of calculus to solve the above system in some of its applications, what deserves notice here is the fact that such a pioneering approach rests on the recognition of the mutual interdependence of the economic sectors. There is no logical priority conferred to agriculture or to manufactures, while the relative prices and the profit rate are determined simultaneously. Torrens himself, when examining the causes of rent, provided a detailed explanation about his way of seeing the interconnection of things in economics:
When the divisions of employment have been once thoroughly introduced, the greater part of every man's wants is supplied by the produce of other man's labour; and the greater part of every man's capital is replaced, not by the articles he himself produces, but by those which are produced by other capitalists, and which he obtains by means of barter or exchange. Hence, the amount of the return which the capitalist obtains, does not depend wholly upon the productive powers of the industry which he immediately carries on, but also on the productive powers of all the other branches of industry from which any of the ingredients of his capital are derived (EICT 1820, 420-421; see also 393 and EPW 1821, 83).
It is clear, then, that Torrens gradually developed a systemic approach to the economy intended to guide him, in a quantitative way, through the variety of theoretical problems he had been dealing with. Unfortunately, the potential of this method was not fully appreciated and, in most instances, not even understood by the economists of the time. Let us see then how the Colonel managed to apply his new tool to contemporary analytical questions.
Applications of Torrens' system and Malthus' Challenge
Torrens did not waste any time and immediately put his system to toil. He denied from the beginning Smith's suggestion of corn possessing an invariable value, since under the conditions of cross-influence among the various economic sectors and of frequent improvements in their respective powers of production, no commodity would exhibit immutable costs nor, consequently, a permanent fixed price. Following this, the Physiocratic idea of an intrinsic and exclusive productiveness of agriculture was flatly rejected on the grounds that a capital invested in any other segment of the economy should receive a return identical to the one obtained in farmlands for expenses of the same magnitude; otherwise no manufacturing activity would ever take place (EICT 1820, 349-365).
When discussing his own theory of the profit rate, Torrens mentioned as determinants of the yield on capital the fertility of the soil, the dexterity of labor either in the cultivation or in the processing of raw materials, and finally the real wages, that is, the effective consumption by laborers during the production phase. In order to prove this reasoning, he adopted as reference a specific configuration for his simplified system, with = and = , meaning that costs are forcibly equal whatever the prices may be, while and are each proportionate to the total use of inputs, making the reference profit rate materially determined right at the outset. From this vantage point, it was easy for Torrens to evaluate the behavior of the aggregate return on the capital stock, for instance, after the cultivation of inferior lands, being enough for this purpose to assume a lower value for . Next, the impact of an advance in labor productivity in agriculture or in manufactures could be estimated through an increase in or . Finally, the measurement of the effect of higher wages requires only some proportionate augmentation in the corresponding inputs for a given (EICT 1820, 390-394).
The interesting question then is, how did Torrens find the proper numerical values for the relative prices and the profit rate in his several examples? The procedure was simple and at the same time ingenious. He did not calculate prices nor the profit rate in all of the 24 cases he worked out in his book. However, when he actually did so, costs were always taken as identical or proportionate between the sectors, irrespective of the actual prices, since he invariably made = and = , for some >0 (most of the time, he assumed =1). So, by the principle of competition assuring the uniformity of the profit rate, sales revenues across the sectors must be either identical or proportionate, which implies = . Relative prices can, therefore, be calculated immediately by the quotient ⁄ = ⁄ and, after the attribution of some arbitrary value to , it is straightforward to estimate (or vice versa) and the correspondent profit rate . As Torrens often emphasized: "From the perpetually operating law of competition, the employment of equal capitals for equal times yields results of equal exchangeable value" (EICT 1820, 361). 9 These restrictions, though, should not be seen as a sort of key theoretical assumptions that, once removed, could render Torrens' system impaired or useless. Instead, they are simply an operational rule devised by him to extract numerical solutions from some problems he was analyzing. None of his conclusions, therefore, were compromised by such technique (the general solutions to the profit rate and the relative prices are given in the appendix).
The most conspicuous use of his innovative approach was conducted near the end of the Essay on Corn Trade additional chapter, when Torrens discussed the advantages of international commerce. In reference to new and thinly populated countries, like the America of his time, he stated that only first quality lands are tilled, while the reduced numbers of its inhabitants offer narrow markets to serial production, limiting the extent of the division of labor and the "effective powers" of the manufacturing industry. On the other hand, in old and advanced countries, like England, the return on capital is low because of the necessity to cultivate inferior soils for growing food. However, the increasing population and the high natural price of labor cause a more accurate division of employment as well as an extensive use of machinery, thus reducing the natural price of wrought goods. Hence, in America, the profit rate is potentially high in agricultural unities and low in manufacturing enterprises, while in England the opposite situation prevails. For instance, in the numerical example set forth by Torrens, America and England, operating in insulation, both have a profit rate of just 16.6%. If restrictions were removed and free trade fully implemented, the two countries could direct all domestic resources to their most profitable employment, that is, America would specialize in agriculture and England in industry. As a result, they would be able to exchange their respective production at a one for one basis with the supranational profit rate registering a hike to 75%, as shown below in Table 2 .
Some modern scholars proposed a neo-Ricardian understanding of Torrens' theory, stating that he built his analytical structure based on the ideas contained in the Essay on Profits. This interpretation portrays his conception of the profit rate as being essentially of a material character and formed exclusively in the agricultural sector. 10 As previously mentioned, Torrens in fact paid tribute to the strong influence of Ricardo's theory in the Essay on Corn, though it must not be forgotten that he also mentioned his indebtedness to other important authors. In addition, such selective reading rests upon a particular configuration of system (1), when = 0 and, consequently, = ⁄ − 1, so that the agricultural profit rate, to be applied on the manufacturing sector as well, is independent of relative prices. However, this possibility was admitted in just three of the 24 cases covered in the whole book. More specifically, when the Physiocratic doctrine was in the course of being refuted under the argument that whatever the magnitude of the pure agricultural profit rate, this would be replicated a fortiori in the manufacturing sector. Even in the general case > 0, a purely material profit rate requires a surplus product exactly proportionate to the total absorption of each and every input in the economy. This singular configuration of system (1), nonetheless, was extremely constrained to allow an in depth analysis of the rate of profit's main determinants, a crucial step to a more effective assault on the protectionist rhetoric (on another formal aspect of this matter, see observation 2 in the appendix). Returning to the subject at hand, Torrens confronted Malthus' theory of gluts in the Essay on the Production of Wealth, in a long section where he weighed up the principles regulating the process of capital accumulation (EPW 1821, 339-430) . Considering an economic system with multiple interconnected sectors, the effectual demand for any commodity is defined as the quantity of the ingredients of capital that the consumers are willing to part with in exchange for it. A positive profit rate meant, therefore, that each commodity commands an assortment of things greater than the one employed in its own production. Whenever the correct proportions among all components of capital and other consumption articles prevail, the only limit to effectual demand would be production in itself. As long as the availability of fertile land and the level of wages leave behind some profits to the capitalist above the acceptable minimum, effectual demand may experience continuous expansion. Torrens insisted that, in this context, Malthus' worries about excessive savings were "fallacious" and "inconsistent", for anything the capitalist abstracted from his personal satisfaction would be automatically converted into new capital. Consequently, no lapse of demand could ever materialize from the decision to spend less on luxuries or other conveniences. Pressed by competition, the producers of the now overstocked consumption articles could no longer proceed with their operations on the same scale as before, thus being forced to redirect part or even the totality of their resources to the provision of the additional components of capital eagerly sought for. Similar adjustments would come about if a number of producers abandoned their activities for the sake of more leisure or ease, another event whose consequences Torrens felt unjustifiably feared by the reverend (EPW 1821, 380-389).
Despite his optimistic outlook with regard to the correcting powers of competitive forces, the Colonel did not deny the possibility of a cyclical and cumulative disequilibrium in the economy. The real causes of this phenomenon though, were far removed from what Malthus had indicated. They encompassed, first, the producers' occasional mistaken forecasts about the actual outlets for their inventories and, secondly, the irregularity of seasons, throwing upon the market once in a while crops far beyond their regular demand. If any of these situations was to occur, and the willingness to buy something in abnormal supply calls for a large price cut, its respective sales revenue would decrease, dragging down in the sequence the receipts of the capital suppliers to this particular commodity, and so on. After some time, when panic takes hold of the whole community, a credit squeeze sets in, interest rates rises and profits disappear, triggering a general run for money characteristic of recessive periods. Torrens recognized then that the interdependence among the productive branches worked to propagate all over the economy, in a kind of multiplier effect, some types of localized disturbances. "From the foregoing illustrations, it will be apparent, that a glut of a particular commodity may occasion a general stagnation, and lead to a suspension of production, not merely of the commodity which first exists in excess, but of all the other commodities brought to market" (EPW 1821, 414). The upturn of the commercial cycle would begin only when interest rates eventually declined to the lowered level of profits and demand started to pick up again due to the swell in purchasing power of the ready cash owned by moneyed capitalists.
profits would necessarily fall. There would be no way, held Torrens, that such a situation could ever be profitable to the farmer while being deleterious to the manufacturer, for their interests are inevitably tied together: "The same causes which raise or lower the profit rate in one occupation, raise or lower it in all" (EICT 1820, 398).
The second line of attack on Malthus' Challenge conducted by Torrens involved his contesting the more subtle argument that the rate of profit does not fall in agriculture due to an increased difficulty of producing corn, for otherwise the farmer would have his capital invested in more profitable opportunities such as manufacturing or commerce. Additional capitals, Torrens explained, could not be employed in the latter activities unless more food and materials have been previously available. The provision of such supplies, nonetheless, would require the occupation of inferior lands, that being a matter of necessity instead of choice: "Hence, in the first instance, the value of raw produce is raised, as compared with that of wrought goods; and this depresses manufacturing profit, until the cultivation of inferior soils becomes the most beneficial occupation which the accumulating capital of society can obtain" (EICT 1820, 402). It was also of no avail to say that those farmers operating on lands with better productivity would obtain higher profits after a rise in the price of corn, for this condition would subsist only during the prevalence of leases contracted prior to this event. At their renewal, the profit differential would be appropriated by the landowners due to the competition among the agricultural producers: "When the rent of the two farms was thus adjusted according to their degree of fertility, the cultivator of the best could obtain no greater profit than the cultivator of the worst" (EICT 1820, 404).
The third skirmish with the theories of Malthus occurred when Torrens' found fault with the former's suggestion that laborers might have their condition improved by a higher corn price. This could be true during some limited period and for a few unmarried individuals, who would spend their extra purchasing power on superfluities, supposing an unabated demand for labor; but under a restrictive system, any increase in agricultural costs diminishes the profit rate and, therefore, weakens the main incentive for accumulating capital. Accordingly, the demand for labor is contracted and the real wages compressed, so that no actual gain accrues to the laborer as a result of a rise in the price of corn. The hardships would be tougher, of course, on the more numerous families. Torrens was quite incisive on this aspect when pondering on the difficulties, brought about by the restrictive policy, falling upon married workingmen:
If, in our mania for growing an independent supply of corn, we were to force lands of a still inferior quality into cultivation, and thereby lower profits, and check accumulation, until three children to each marriage became sufficient to keep the supply of labour even with the demand, then one half of the children born to the labouring classes would be cut off by famine. Such are the benefits which restricted importation, and the consequent high price of provisions, are calculated to confer on that great portion of the population which lives by wages! (EICT 1820, 415-416) .
The quantitative approach against Malthus' Challenge appears early in the new chapter of the Essay on Corn Trade, but it has been cast aside until now as it involves the use of system (1), the most powerful piece among the Colonel's artillery. He, to begin with, defined as a gross mistake the proposition that an increased price for food or raw produce could be beneficial to the farmer in the same proportion as it revealed itself prejudicial to the manufacturer: "This is a fundamental error, and the prevalence of it frequently leads to the most mischievous practical results" (EICT 1820, 398). Torrens then mercilessly discharged his heavy ammunition on this kind of reasoning. Were Malthus' thesis correct, an increase in the productive costs of the corn-raising sector would mean a higher relative price for corn compared with wrought goods, so that an elevation in the overall profit rate would forcibly come into effect. This though is not the case when such a proposition is translated into system (1). Suppose then, as Torrens did, that two individuals, a farmer and a manufacturer, produce respectively corn and suits with the same expenses, that is, 100 quarters of corn and 50 suits, as in Table 3 above. If, in some initial period, the farmer raises 300 quarters of corn and the manufacturer fabricates 150 suits, the common profit rate is 50% and two quarters of corn are needed to buy one suit. When less productive lands are brought into cultivation in a subsequent period, however, the same farming costs will result in a reduced crop, for instance, of 250 quarters of corn, while the manufacturer's productive process suffers no change. Under these new conditions, even though just 1.6 quarter of corn is now required to buy one suit, as predicted by Malthus' Challenge, the profit rate does fall to 38%, as anticipated by Torrens (to 36,6% actually; see Table 3 ). The riddle was solved and the reverend was proven wrong! It should be kept in mind here, as a last observation, that the standards for formal proof among the classical economists of the time, if any, were barely rigorous and exhaustive. So, the "demonstrative" example conceived by Torrens against Malthus' proposition, although not of a general character, ought to be seen as a true accomplishment.
Concluding remarks
Schumpeter once assessed Torrens' contribution to classical economics as not truly enlightening because the military was careless in its formulation and not a good technician (1963, 490 (1) the necessity of applying the same price, with a common profit rate, not only to the final product but also to the inputs; (2) the recognition of the interdependence among all sectors of the economy, and (3) the simultaneous determination of relative prices and the profit rate.
Perhaps the most interesting facet of this whole story dwells in Torrens' resolute will to not be stopped by the complexity involved in the solution of a nonlinear system. This was far from a trivial task, at least for the classical economists of the early nineteenth century. Indeed, his personal method of finding the competitive prices and the overall profit rate, notwithstanding its lack of sophistication, was inspired by his own economic theory and, in the end, proved itself to be quite clever and remarkably efficient in providing the answers he had been searching for. 
Appendix
Torrens' system
Divide the first equation of system (1) by , the second one by and then let the quotient = ⁄ stand for the relative prices. Torrens' system now takes a reduced form, where, for the sake of simplicity, = , = , = and = are the technical coefficients of Leontief showing the requirements of every input for each unity of product. These procedures yield:
Here it is assumed the mutual interdependence among both sectors, that is, > 0, and also the existence of a surplus for each commodity, or + < 1 and + < 1. With this general structure for Torrens' system, and are given by the formulae below, which do not depend on the actual scale of production:
Given the solutions for p and r, it is possible to specify the exact influence of an alteration in each technical coefficient on both the relative prices and the profit rate, as indicated below. The actual expressions for the partial derivatives are rather cumbersome, so just the calculi for a variation in the manufactured input of the agricultural sector, slightly more intricate, are presented here. (1) The values of the partial derivatives in I and II show that higher unitary costs in the agricultural sector, whatever their cause (a rise in or ), increase the purchasing power of the agricultural produce against manufactured articles through a decline in , as maintained by Malthus, but decrease the profit rate , as defended by Ricardo and Torrens (Lopes 2008 formally demonstrates this fundamental proposition in the context of a more general Ricardian framework);
(2) If = 0, then a strictly corn-profit economy prevails. Equations (2a) . The condition > is required to > 0, it being, therefore, essential to the consistency of the model. Otherwise, if ≥ , the manufactured input per unity of manufactured output is greater than or equal to the agricultural input per unity of agricultural produce, so corn must have a negative or a null price in order to bring costs down in the manufacturing sector (assuming > 0) and, in this way, to lift its profit rate to the level obtained in the agricultural sector. Hence, the so-called corn-profit rate only regulates manufacturing profits when the former is lower than the latter. In the opposite situation, there would be no way to make the agricultural profit rate equal to that earned in manufactures, for the corn growing activity does not take in any manufactured input. In the other limit case = 0, there is a manufacturing profit rate defined by = 4 − 1 and the value for relative prices is calculated through = 43 6
, with the condition > for > 0 due to similar reasons.
